The search for low chill cultivars for peach production in areas with low chill accumulation (temperatures below 7.2ºC) 
RESUMO
A busca por cultivares pessegueiro com baixa necessidade em frio para regiões com pouco acúmulo de frio (temperaturas abaixo de 7,2ºC) 
INTRODUCTION
Climatic changes have been affected the regularity of chilling hours during winter period and that affects the dormancy process of temperate fruits in South Brazil compromising yield and quality of production (CHAVARRIA, 2005) . The dormancy period is a physiologic phenomenon characterized by absence of visible growth and reduced metabolic activity (SAMISH, 1954) . LANG et al. (1987) (MONET & BASTARD, 1971) , depending of the level and duration of the plant's exposure (COUVILLON & EREZ, 1985a) and breaking dormancy with warm temperatures in (10-15ºC) (CHAVARRIA & RASEIRA, 2000) .
Warm temperatures alternating with low temperatures can have a synergistic effect, promoting better or more rapid dormancy breaking compared to the effect of exclusively low temperatures for some cultivars EREZ & COUVILLON (1987) . The influence of temperature depends on the level, intensity, and stage of bud development (COUVILLON & EREZ, 1985b) . Results suggest differences in the level of dormancy for vegetative and floral buds among cultivars and within the same cultivar, depending on their location on the branches and their age (ZANETTE et al., 2000) .
Some models consider that temperatures above 16ºC negate the effect of chilling on the bud development, depending on the level exposure (RICHARDSON et al., 1974) , however, other authors consider that high temperatures effects are dependent upon the level (°C) of exposure (EREZ et al., 1990) . There are temperatures capable of inhibiting or causing the break of the dormancy, by acting on endo-or ecodormancy (SUGIURA & HONJO, 1997) .
The physiological principles required for understanding how those features affect plants and their relationship in ecological aspects of adaptation are linked to topics of current concern such as global warming and need of increasing production of temperate fruit trees. The purpose of this work was to investigate the effects of warm temperature on flowering and leafing on two peach cultivars with different chilling requirements.
MATERIAL AND METHODS
The experiment was conducted at Embrapa Clima Temperado, Pelotas, Rio Grande do Sul, Brazil (31º41'S latitude, 52º21'W longitude and 60m altitude), in the autumn and winter of 2004.
Productive branches of the peach cultivar 'Turmalina' (chilling requirement estimated in 200 chilling hours -CH at 7.2ºC, RASEIRA & NAKASU, 1998) were grafted in May, whereas branches of 'Ágata' (chilling requirement estimated in 500 CH at 7.2ºC, RASEIRA & NAKASU, 1998) were grafted in June, following the methodology described by SILVEIRA et al. (2003) . 'Capdeboscq' seedlings were used as rootstocks. Scions were not pruned, in order to avoid stimulating budbreak.
The grafts were planted in bags (five liters capacity) with a peat moss and sand potting mix (2:1 v:v). After 28 days under greenhouse conditions with a temperature range between 15ºC and 21ºC, both cultivars were submitted to 5ºC, 10ºC and 15ºC±1ºC temperatures, for 150, 250, 350 and 500 hours in a growth chamber. However, in 'Ágata' was given a treatment of 672h rather than 500h because constant temperatures did not give the same results as field conditions in preliminary observations.
After cold treatments, the plants were taken to the greenhouse (20±5ºC), and evaluated weekly for percentage of flowers and leaves bud break. Phenological evaluations were also made weekly and buds at the floral phenological stage C1 (BRES et al., 1970) and vegetative buds at the green tip stage were counted. All the buds of each plant were counted when they were transferred to the greenhouse.
Two experiments (one for each cultivar) were conducted, constituting of a factorial 3x4, being temperatures (three levels) and chilling hours (four levels), totaling 12 treatments in five blocks, and four plants per plot. The percentage of flower and leaf buds that broke was transformed in arc sin , with k=100. The data was submitted to variance analysis and the means compared by Tukey's Test.
RESULTS AND DISCUSSION
In 'Turmalina', low chill cultivar, after 21 days of heat accumulation in the greenhouse, significant differences were observed among treatments in relation to the start of blooming and leafing. The highest percentages were obtained in plants submitted to treatments with 500 hours at 5ºC and at 10ºC. However, at 15ºC there were no differences among time exposure, except for the 150 hours chilling treatment, corresponding to the lowest percentage of flower buds opening (47.0%) ( Figure 1A) .
Greater than 60% of flower buds broke dormancy in all the treatments independent of temperature in evaluation at 28 days, demonstrating that temperatures of 10ºC and 15ºC can promote flower development ( Figure 1B ).
The differences of chilling period and temperatures were significant; however, there was a highly significant interaction between the two factors (chilling hours x temperature). Therefore, the discussions are mainly about temperatures within chilling hours. Treatments with warm temperatures (15°C) and longer time of exposure caused anticipation of blooming as compared to other treatments ( Figure  1 ). Higher temperatures can induce the continuous k x / floral bud development altering the heat requirement. Differences among cultivars and among plants of the same cultivar but different treatments or locations, are due to the respiration process which may continue in high rates under warm conditions. Thus, when winter comes buds go dormant almost fully developed (CITADIN, 1999) . In that manner cultivars with these characteristics have a low heat requirement as compared to cultivars with lower respiratory rates.
The longer exposure to chilling might have caused an advance in the beginning of bloom. These exposures to chilling temperatures might have triggered bud break (Figure 1 ). The flower buds have lower chilling requirements as compared to leaf buds. It was demonstrated that heat influences bud break in flower buds, and that winter chill reduces the buds heat requirement of these buds (CITADIN et al., 2001 ). Similar observations were obtained by SCALABRELLI & COUVILLON (1986) .
The metabolic rate of fruit trees growing in temperate climates decreases during the bud dormancy. However, in subtropical areas, warm temperatures causes continuous consuption of carbohydrates which are needed for budbreak in the spring season and which cause physiologic imbalances as a consequence. GARDIN (2002) , reported flower abortion problems in pears, under mild winter conditions, explaining that the maintenance of high respiratory rates reduces starch accumulation and, that there is not enough solid soluble accumulation.
Another important factor in flower and leaf production is the effect of warm temperatures (10ºC-15ºC) on deep dormancy. Some cultivars break dormancy very easily. This can be due to superficial dormancy or absence dormancy. Some peach cultivars can bloom and produce leaves without any chilling as long as they are under favorable environmental conditions (21ºC) achieving high budbreak percentages (CHAVARRIA, 2005) .
Trees which keep their leaves until later in the fall may go into a deeper dormancy because leaves inhibit bud development (EDWARDS, 1985) . The effect of temperature on dormancy, whether it is the effects of chilling on endodormancy or the effects of heat on ecodormancy, is very controversial. The precise beginning and ending of the endodormancy stage in temperate fruit trees is unknown, or at least, not agreed upon. Some authors reported dual effects of temperature in certain periods, in apple (12ºC) (ZANETTE, 1982) and pear (9-10ºC) (SUGIURA & HONJO, 1997) . According to RICHARDSON et al. (1975) temperate trees can accumulate heat at 4.5ºC.
It is important to emphasize that, in the present work, all plants were submitted to chilling treatments at the same time, to keep the bud development stages as uniform as possible, so that there was no influence on the temperature in distinct stages. However the plants were taken out of cold room at different times, according to the treatments.
Warm temperatures (10ºC and 15ºC) had no negative effect on leafing of 'Turmanilna' , promoting budbreak percentages greater than 62.5%, except in plants submitted to 500 hours at 15ºC (59%). Evaluations done 21 days after chilling treatments showed differences only for plants exposed to 10ºC, for 500 hours (82.5%). On the 28 days evaluations, the only significant difference observed was between treatments held for 500 hours at 10ºC and 15ºC (Figure 2) .
The lowest values of leafing were obtained in plants receiving less than 500 hours of exposure to 15ºC, which can attribute to the paradormancy ( Figure  2) . Differences in dormancy level within buds of the same branch were already reported (VITI et al., 2003) . The first buds that break dormancy can influence the ones close to them that are still dormant (BALANDIER, 1992) . This could explain the low percentages of leaf budbreak through correlative inhibitions of the buds. It is possibly that the treatments of 10º and 15ºC would not have the same effect on blooming and leafing, if plants had previously been submitted to cold in the orchard, before the branches were collected. This could interfere on the depth of the dormancy. The autumn chilling does not affect the dormancy breaking but the dormancy deepness (RAGEAU, 2002) . Based on this hypothesis, warm temperatures would have affected dormancy breaking of cultivars like 'Turmalina', just in regions without chilling in autumn.
'Ágata', medium low chill cultivar, had lower percentages of blooming in all treatments; the best results were obtained with 672 hours of exposure to 5ºC (36.3%) (Figure 3 ). However, in leaf buds at the green tip stage were observed on several plants before the flower buds opened. This was particularly true with the 10ºC and 15ºC treatments. The possibility of necrosis due to high temperatures, in the greenhouse, was discarded (MONET & BASTARD, 1971 ) because the plants previously at 5ºC treatments opened the flowers, although in low percentages. However one explanation for the poor blooming is that it could have been caused by pathogen interference, probably fungal infection on the orchard. The effect would be worse for plants submitted to temperatures of 10ºC and 15ºC since they are more favorable for pathogens development than 5°C. Unfortunately, in the present experiment, buds were not checked for pathogen incidence.
Observing the results obtained for 'Agata' it was possible to detect the direct relationship between percentage of leaf break and period of exposure for the three temperatures (Figure 4) . The evaluations made at 21 and 28 days did not show differences among 5ºC and 10ºC treatments at 672 hours of exposure, demonstrating the positive effect of warm temperatures (10ºC) even for higher chill cultivars. Comparing the two evaluations (21 and 28 days) in each chilling treatment, it could be observed that leaf budbreak was advanced at 10°C as compared to 5°C (Figure 4) . The lowest leafing percentages were observed on plants at 15ºC, although if time of exposure was 350 or 672 hours, the leaf break percentages achieved 60%, which can be considered satisfactory. However, differences were observed in the plants at 15ºC during 672 hours as compared to plants submitted at 5ºC, during the same period (Figure 4) .
Regarding time of exposure, the 150 hour treatment resulted in the lowest leafing regardless of the temperature; however at 5ºC budbreak was lower than other treatments. Perhaps, 5ºC can serve as an inductor of deep dormancy in cv. 'Ágata'. Exposure for 150 hours at 15ºC was enough to promote satisfactory percentages of budbreak (both flower and vegetative buds) in cv. 'Turmalina'. However, for cv. 'Ágata', it was necessary at least 350 hours and preferably at 10ºC or 5ºC.
This study showed the need of further experiments relating temperature fluctuations and levels of dormancy to understand the turn on of the dormancy and to increase the knowledge of this process in warm regions.
CONCLUSIONS
Mild temperatures (10 and 15ºC) promote flowering and leafing in 'Turmalina' peach and anticipation of theses phenological phases compared to 5ºC.
Temperatures of 5ºC in the fall can be an inductor of deep dormancy in cv. 'Ágata'.
